The electrophysiological studies on the olfactory nervous system have been very few compared with those on the other sensory organs. It is well known that the fish can well smell out odorous substances in water.
METHODS

Materials.
The carp (Cyprinus carpio), catfish (Parasilurus asotus), Channa argus, eel (Anguilla japonica), mudfish (Misgurnus anguillicaudatus) in Pisces and lamprey (Entosphenus jaPonicus) in Cyclostomata were used. As described by Adrian and Ludwig (1938) and Allison (1953) , the olfactory sac of these fishes is covered with dorsal skin and bones, and a pair of the olfactory sacs is situated in front of both eyes. The sac has two apertures, an anterior and a posterior nostrils.
While swimming, water flows along the olfactory organ from the anterior nostrils to the posterior ones. The olfactory organ consists of a number of thin plates which project into the cavity of the olfactory sac. It The slow potentials of the olfactory epithelium were sometimes recorded in the olfactory nerve, because the potential was found to propagate electrotonically to the nerve. Thus, as mentioned later, the intervention of diffusion potential could be avoided. Since the slow potential of the epithelium was sometimes larger than the olfactory nerve discharge, an amplifier of a short time constant (0.01 sec.) was used to record only the nerve discharges.
The fish•Ringer's solution has a following composition: 100 parts of 1/7.5 M NaCl, 2 parts of 1/7.5 M KCl, 2. the eel had a steep rise and a steep decline. It always had a duration of about 0.4 sec. in spite of the lengths of stimulation ( fig. 2e ). In correspondence with these slow potentials, olfactory nerve discharges appeared.
The relation between the slow potential and the olfactory nerve discharges seems interesting. The details of the research will be published in the following paper (Shibuya and Takagi, unpublished). Adrian and Ludwig (1938) found that the application of water after stimulation produced olfactory nerve discharges ('off-effece'). Though distilled water was applied onto the olfactory epithelium after stimulation, the off-effect was not observed in the Channa.
In the present experiment, the tips of electrodes were in contact with the olfactory epithelium.
It is therefore doubted whether the observed slow potential is an artifact due to the diffusion potential which may occur in the tip of the electrodes when stimulated.
Taking advantage of the electrotonic spread of the epithelial potential to the olfactory nerve, the slow potential was often recorded in the olfactory nerve.
When compared, the slow potential recorded in the epithelium was found to be identical with the one recorded in the nerve ( fig. 3) . It was made clear that diffusion potential, if any, does not considerably modify the slow potential which originates in the activity of the olfactory epithelium. 322T.
SHIBUYA
The on-off-responses.
When the application of a stimulating fluid was stopped, the slow potential sometimes appeared again in the olfactory epithelium of fish. Thus, the on-off-and the off-responses were observed in fishes. The relation between the magnitudes of the on-and the off-responses was usually not constant.
Sometimes, the off-response gradually increased its magnitude during repetitive stimulation.
The on-and the off-responses were usually electro-negative ( fig. 4 a) . But, only in the Channa, the off-responses were found to be electro-positive ( fig. 4 b) . It was clear that this electropositive potential is an off-response, because the olfactory nerve discharges appeared coincidently. The responses recorded by micro-electrode The response recorded by macro-electrode is the sum of the potentials of many cells in the olfactory epithelium.
In order to record the potentials of as a small number of the cells as possible, a micro-electrode was used. It was inserted as closs as possible to a macro-electrode.
Thus, potentials recorded by both electrodes were compared.
The on-response recorded by micro-electrode had a magnitude of 2 to 5 mV.
Various types of responses were observed in the epithelium of the carp ( fig. 5) .
While a simple on-response was recorded by macro-electrode, on-and off-responses were recorded by micro-electrode. The on-response was larger than the off-response in fig. 5 a, both responses were of similar magnitudes in fig. 5 b, and the on-response was much smaller than the off-response in fig. 5 c. Similar slow potential could be recorded by micro-electrode inserted into the olfactory nerve.
The off-response recorded by micro-electrode was also electro-positive in the Channa (fig. 6 a) . Besides, a pure off-response was rarely found in the Channa by this technique (fig. 6 b) . Spontaneous discharges of the olfactory epithelium By micro-electrode, spontaneous spike discharges were sometimes recorded in the olfactory epithelium of the Channa, catfish and carp.
It was found in the carp that the frequency of the spontaneous discharges increased in response to olfactory stimulation (from 2/sec. to 8/sec. in fig. 7 ), but that it decreased gradually after stimulation ( fig. 7 ). This change occured on the falling phase of the slow potential.
It is supposed that these spontaneous discharges act as background activity, by which complicated olfactory sensation could be produced. The shapes of the on-responses in the Channa, carp and lamprey resemble well those of the on-responses in the frog and the toad (Ottoson, 1956; Takagi and Shibuya, 1959) .
But the response in the catfish had a steep rise and a steep decline, and especially in the eel, it had a steepest rise and fall, and a shortest duration among the six kinds of fishes studied. The mechanisms which produce these different shapes and durations have been studied but is still to be clarified yet. Hosoya and Yoshida (1937 a, b) found that the slow potentials of the olfactory epithelium produced by olfactory stimulation are larger in the epithelium with darker colour.
Onagawa (1957 a, b) showed in the rabbit that the olfactory epithelium with dark colour was very sensitive to odours. The olfactory epithelium is pink in the Channa, it is white with black dots in the carp, and it is between gray and black in the catfish and the eel. In the present experiment, it was found in fish that the olfactory epithelium with darker colour had a slow potential of shorter duration.
Indeed, a slow potential of the shortest duration was found in the eel whose olfactory epithelium has darkest colour among the six kinds of fish. It is well known that the eel has very keen olfactory sensitivity to foods. It is therefore presumed that there is a close relation between a short duration of the slow potential and the keenness of olfactory sensitivity.
Three types of responses, the on-, the on-off-and the off-responses were recorded in the olfactory epithelium of the frog and the toad (Takagi and Shibuya, 1959, 1960 a, b, c).
It was presumed in these amphibians that three response types may originate in the three types of olfactory cells reported by Dogiel (1886) (Takagi and Shibuya, 1960 b) . Three types of responses were also observed in the olfactory epithelium of fish. Coincidently, three types of olfactory cells are known in the olfactory epithelium of fish, as well ( Dogiel, 1886; Jagadowski, 1901) . Consequently, it is presumed that the three types of responses in fish may originate in the three types of the olfactory cells. SUMMARY 1. The electrical responses to olfactory stimulation were studied by a macroand a micro-electrode in the olfactory epithelium of six kinds of fishes, the Channa argus, eel, catfish, carp, mudfish and lamprey.
2. The averaged resting potentials of the olfactory epithelium of these fishes were found to be between 7.6 and 12.4 mV.
3. The shapes of the slow potentials produced in the olfactory epithelium by olfactory stimulation were different in different fishes. The potential in the Channa, carp and lamprey showed a steep rise and an exponential slow decline. The potential in the catfish and eel had a far steeper rise and decline and it had a short and constant duration in spite of the durations of stimulation.
4. Three types of responses, the on-, the on-off-and the off-responses were found in the olfactory epithelium of these fishes. 7. The olfactory responses of fish were compared with those of the frog and the toad.
The origin of the three types of responses was considered.
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